Abstract. We present new photometric V-, R-and I-band data for the rich galaxy cluster AC 118 at z = 0.31. The new photometry covers an area of 8.6×8.6 arcmin 2 , corresponding to 2.9×2.9 Mpc 2 (H0 = 50 km s −1 Mpc −1 , q0 = 0.5 and Λ = 0). The data have been collected for a project aimed at studying galaxy evolution through the color-magnitude relation and the fundamental plane. We provide a catalogue including all the sources (N = 1219) detected in the cluster field. The galaxy sample is complete to V = 22.8 mag (N gal = 569), R = 22.3 mag (N gal = 669) and I = 20.8 mag (N gal = 425). We give aperture magnitudes within a fixed aperture of 4.4 arcsec and Kron magnitudes. We also give photometric redshifts for 489 sources for which additional U-and K-band photometry is available. We derive and discuss the V-and R-band luminosity functions. The catalogue, which is distributed in electronic form, is intended as a tool for studies in galaxy evolution.
of homogeneous classes of galaxies as a function of cosmic time. Rich clusters are also the tracers of the evolution of cosmic structures and serve to set constraints on the initial spectrum of density fluctuation.
AC 118 (also Abell 2744) is a rich ('Coma-like') galaxy cluster at redshift z = 0.31 and is one of the most widely studied clusters at intermediate redshifts. The first photometric (Couch & Newell 1984) and spectroscopic (Couch & Sharples 1987 ) data collected for this cluster exhibited a significant excess of blue galaxies with respect to local clusters (the Butcher-Oelmer effect, Butcher & Oelmer 1978a , 1978b . Couch & Sharples (1987) compared the distribution of the galaxy population of AC 118 with the morphological segregation in the Coma cluster, and suggested that the blue galaxies in AC 118 likely represent the progenitors of the local S0 galaxies.
The star formation in AC 118 was studied by Barger et al. (1996) who found that a significant fraction of galaxies experimented secondary bursts of star formation in the last ∼ 2 Gyr. Furthermore, since the HST image indicates that a high portion of the star forming galaxies show signs of interaction, they suggested that merging phenomena of individual galaxies are responsible of these recent hints of star formation and that this may be consistent with the hierarchical merging scenario.
AC 118 was also included in the sample of high-redshift clusters of Stanford et al. (1998) who have shown that the color-magnitude relations for AC 118 as well as for all the other clusters is consistent with a passive evolution of stellar populations formed at early cosmic epochs. This result, however, is not in contrast with the findings of Barger et al. (1996) , because of the different sample selections. It has to be noticed, in this respect, that samples constituted of morphologically selected early-type galaxies (as in Stanford et al. 1998) are affected by the 'progenitor bias' (see van Dokkum & Franx 2001) , and always lead to conclude that early-type galaxies are old. The passive evolution scenario is also supported by the trend with the redshift of the K-band luminosity function, as was shown by de Propris et al. (1999) . Couch et al. (1998) pointed out that the facts may be much more involved than in the above schemes. From a detailed morphological and spectroscopic study of three clusters at z=0.31 (AC 118, AC 103 and AC 114), they draw the conclusion that several different processes drive galaxy evolution and that a significant fraction of galaxies in a rich cluster undergo morphological changes. The same conclusion was reached by Jones et al. (2000) , who claimed that the S0 galaxies at the redshift of AC 118 are remnants of early-type spirals that had star formation truncated by interaction with the cluster environment (see also Adami et al. 1998; Poggianti et al. 1999 ).
AC 118 has been the subject of several studies at different wavelengths, from radio to X-ray (see for instance Andreani et al. 1996; Smail et al. 1997; Allen 1998 Allen , 2000 Govoni et al. 2001) . The general picture describes this cluster as an assembling of different systems, with a dynamical activity suggested by a peculiar velocity distribution with two different peaks (Girardi & Mezzetti 2001) , and by the strong discrepancy between the masses derived from X-ray observations and from gravitational lensing (Allen 1998) .
Finally, AC 118 will be one main target in the first operations of the Advanced Camera for Surveys of HST.
This paper presents new photometric data for AC 118 based on ESO-NTT imaging in the R, V and I wavebands. These data were collected in the framework of a project aimed at studying the structural properties of the cluster galaxies (Busarello et al. 2002; La Barbera et al. 2002) , the color-magnitude relation (Merluzzi et al. 2002) and at deriving the fundamental plane. In this paper we also determine the photometric redshifts and briefly discuss the V and R luminosity functions. The paper is organized as follows.
Section 2 includes a description of the data and of the data reduction and photometric calibration. In Section 3 we describe the aperture photometry. Section 4 deals with the determination of the photometric redshifts. The photometric catalogue is presented in Section 5, while the catalogue itself is available in electronic form only. In Section 6 we shortly discuss the V and R luminosity functions, and in Section 7 we give a summary of the paper. In this work we assume H 0 = 50 km s −1 Mpc −1 , q 0 = 0.5 and Λ = 0.
Observations, Data Reduction and Photometric Calibration
The observations were carried out at the ESO New Technology Telescope with the EMMI instrument during three runs (October 1998 , October 1999 and September 2000 . A field of 8.6 ′ ×8.6 ′ (2.9×2.9 Mpc) was observed in V-, R-and I-bands towards the galaxy cluster AC 118. The total integration time, the pixel scale, and the average seeing for each band are given in Table 1 . The photometric calibration was performed into the Johnson-Kron-Cousins photometric system. Since the sky conditions were not photometric during the observations, we could not use comparison standard fields, but we proceeded as follows.
For the R-band, we used the aperture photometry for N = 92 sources in the cluster area provided to us by A. Stanford (see Stanford et al. 1998, hereafter SED98) .
Instrumental magnitudes within an aperture of the same diameter (5 ′′ ) as in SED98
were derived from our image by using the SExtractor software (Bertin & Arnouts 1996) and were compared with the magnitudes of SED98. Since the FWHM of the SED98 images was ∼ 1 ′′ , no seeing correction was applied for the matching with our data. The accuracy on the zero point was derived by adding in quadrature the uncertainty on the offset between the two sets of magnitudes with the uncertainty on the photometric calibration of SED98. The total uncertainty on the zero point amounts to 0.03 mag (1σ standard interval).
For the V-and I-bands, the photometric calibration was performed by matching the colors of N = 17 stars in the NTT images with the colors of the stars from the catalogue of Landolt (1992). We proceeded as illustrated in Fig. 1 . The distribution of the Landolt stars in the (V-R, R-I) diagram was described by a smooth curve. Some stars were not considered since they do not lie in the same locus of the other Landolt stars due to their high galactic extinction (E(B − V) > 0.4, see Schlegel et al. 1998) . We verified that our curve agrees with the curve of Caldwell et al. (1993) . The v − R and R − i colors of the stars in the NTT images, where v and i are the instrumental magnitudes, were fitted to the smooth curve and the computed shifts were added to the zero point of the R-band image.
The accuracies on the zero points were estimated by taking into account 1) the pres- Table 2 . Since the uncertainty on the R-band zero point turned out to be the major source of error, we neglected the correlation between ∆ZP V and ∆ZP I introduced by the fitting procedure.
To check the method used for the photometric calibration, we compared our photometry with the magnitudes in the I-band of Barger et al. 1996 (hereafter BAE96) .
The comparison is shown in Fig. 2 . The difference between the two sets of magnitudes is fully consistent with zero within the estimated uncertainty on the I-band zero point. The dispersion amounts to 0.07 mag, in agreement with the various sources of uncertainty.
Aperture Photometry
A photometric catalogue was derived for each image by the software SExtractor (Bertin & Arnouts 1996) . For each object we measured the magnitude within a fixed aperture for which it is expected that the Kron magnitude encloses ∼ 94% of the total flux of the source. The uncertainties on the magnitudes were obtained by adding in quadrature the uncertainties estimated by SExtractor with the uncertainties on the zero points.
The completeness of the optical catalogues was estimated following the method of Garilli et al. (1999) that consists in the determination of the magnitude at which the objects start to be lost since they are below the brightness threshold in the detection cell.
To estimate the completeness limit, the magnitudes in the detection cell were computed and compared to the magnitudes in the fixed aperture. The comparisons are shown in Fig. 3 , where the vertical lines correspond to the detection threshold and the horizontal lines mark the completeness limit which takes into account the scatter of the relation.
The completeness magnitudes are reported in Table 2 .
The photometric redshifts
The optical V-, R-and I-band photometry, together with available data in the U-and K-band was used to determine the cluster membership of the sources in the photometric catalogue by the photometric redshift technique. AC 118 was observed in the U-band by BAE96 at the ESO-NTT on August 1993. The images were retrieved from the ESO NTT Science Archive and reduced following the standard procedures. For the photometric calibration we used the aperture magnitudes given in BAE96 (see their Table 4 We looked for redshifts in the range z ∈ [0.0, 1.0] with a step of 0.01, and introduced a further constraint in the fit by imposing that the age of the best template cannot be older than the age of the universe at the selected redshift according to the adopted cosmology. Model galaxy spectra are provided by the code of Bruzual & Charlot (1993) .
The adopted templates consist of models with a Scalo (1986) IMF and with SFR histories of the form SF R(t) ∝ e −t/τ to match different Hubble type colors as a function of time.
Choosing τ = 1, 4, 15 Gyr, we obtain at t = 12.0 Gyr colors of E/S0, Sa/Sb, and Sc/Sd that match those of nearby galaxies. Template spectra evolution is followed in the time interval t ∈ [1.0, 12.0] Gyr. To allow for different metallicities of early-type galaxies we introduced templates for E/S0 with Z/Z ⊙ =0.2, 0.4, 1 and 2.5.
The distribution of photometric redshifts is shown in Fig. 4 . The distribution is dominated by the peak around the cluster redshift z ∼ 0.3, indicating that most of the galaxies in the 5 ′ × 5 ′ field are actually members of AC 118. The FWHM of the peak ∆z ∼ 0.1 is determined by the intrinsic redshift distribution of the cluster members and on the errors on photometric redshifts.
To gain insight on the precision of the redshift estimates, we compare in Fig. 5 photometric (z p ) and spectroscopic (z s ) redshifts for galaxies in a bright sub-sample of the cross-correlated catalogue (see Couch & Sharples 1987; Busarello et al. 2002, in preparation) . We found that the mean difference of photometric and spectroscopic redshifts is consistent with zero and that the dispersion amounts to 0.04. We notice that 95% of the 
Description of the Catalogue
The photometric quantities relative to the N = 1219 sources in the V-, R-and I-band images are included in the catalogue, a portion of which is shown in Table 3 2 . The sample consists in all the objects detected in at least band, that are brighter than the detection limit. When an object is not detected, the corresponding columns in the table are filled with dots. The table is organized as follows.
Column 1: running number in the present catalogue. The whole catalogue will be available in electronic form at the Centre de Données astronomiques de Strasbourg Columns 6, 7: the same quantities as in columns 4, 5 for the R-band.
Columns 8, 9: the same quantities as in columns 4, 5 for the I-band.
Columns 10, 11: Kron magnitude in the V-band and corresponding uncertainty.
Columns 12, 13: the same quantities as in columns 10, 11 for the R-band.
Columns 14, 15: the same quantities as in columns 10, 11 for the I-band.
Columns 16, 17, 18: Kron radius in arcsec for the V-, R-and I-band respectively. When the Kron radius is smaller than 3.5 pixels, an aperture with this diameter, that correspond to ∼ 1 ′′ , is adopted.
Column 19: stellar index. When available for more than one image, we report the value relative to the image with the best seeing.
Column 20: photometric redshift. The upper and lower values correspond to percentile intervals of 68% (see Section 4.3).
R-and V-band Luminosity Functions
To obtain the cluster R and V luminosity functions (LFs) we did not make use of the cluster membership information derived from the photometric redshifts, but instead we statistically subtracted the background contribution in each band. In this way all the photometric data up to the magnitude limit can be used in each band. We did not derive the LF in the I-band because the relative data are not deep enough to estimate the slope of the LF faint end. The background counts were provided to us by S. Arnouts in R-and V-band from the ESO-Sculptor Survey (Arnouts et al. 1997 ). This survey, (Merluzzi et al. 2002; Merluzzi et al. 2002, in preparation) .
Summary
New accurate VRI photometry has been presented for the galaxy cluster AC 118 at redshift z = 0.31. The new data cover an area of 8.6times8.6 arcmin 2 , corresponding to 2.9×2.9 Mpc 2 . The data reduction and the method used for the photometric calibration are described in detail. For the R-band, the image zero-point is derived by using aperture photometry by SED98, while for the V-and I-band the photometric calibration is performed by matching the colors of the stars in the cluster field with those of the stars from the catalogue by Landolt (1992) . The accuracy on the zero-points amounts to ∼ 0.04 mag.
For each band, we derive magnitudes within a fixed aperture of diameter 4. we also obtain a redshift estimate by applying the photometric redshift technique.
The V-and R-band photometry have been used to derive the optical luminosity function of the cluster AC 118. The best-fit Schechter parameters are R * = 19.10 ± 0.25 and α R = −1.23 ± 0.09, V * = 19.6 ± 0.3 and α V = −1.35 ± 0.12. Comparing these values with the results obtained by Andreon (2001) for the K-band LF of AC 118, we conclude that the faint end slope of the cluster LF does not depend on the waveband, while the waveband dependence of M * is consistent with pure passive evolution of the stellar populations of the bright cluster galaxies.
